The features of three babies with perinatal lethal osteogenesis imperfecta (OI II) resulting from substitutions of glycine by valine in the triple helical domain of the al(I) chain of type I collagen were studied. The babies were heterozygous for this substitution at residue 1006 in case 1 (0135), 973 in case 2 (OI59), and 256 in case 3 (OI7B). OI35 had the most severe clinical form, 01 IIC, with premature rupture of membranes, severe antepartum haemorrhage, stillbirth, severe short limbed dwarfism, and extreme osteoporosis. OI59 was a better formed baby but was also born prematurely as a result of premature rupture of membranes and severe antepartum haemorrhage. She had the radiographic features of 01 IIA. OI7B was born at term and also had the radiographic features of OI IIA. Cultured fibroblasts from babies with helical mutations produce normal type I procollagen and abnormal type I procollagen molecules containing one or two mutant chains.78 The mutant molecules are secreted less efficiently than the normal ones and the level of intracellular collagen degradation is increased. In these babies, the OI II phenotype appears to result from a deficiency of normal type I collagen and the presence of mutant type I collagen in the tissues.9
Abstract
The features of three babies with perinatal lethal osteogenesis imperfecta (OI II) resulting from substitutions of glycine by valine in the triple helical domain of the al(I) chain of type I collagen were studied. The babies were heterozygous for this substitution at residue 1006 in case 1 (0135), 973 in case 2 (OI59), and 256 in case 3 (OI7B). OI35 had the most severe clinical form, 01 IIC, with premature rupture of membranes, severe antepartum haemorrhage, stillbirth, severe short limbed dwarfism, and extreme osteoporosis. OI59 was a better formed baby but was also born prematurely as a result of premature rupture of membranes and severe antepartum haemorrhage. She had the radiographic features of 01 IIA. OI7B was born at term and also had the radiographic features of OI IIA. Pathological examination of the skeletons of 0135 and OI59 showed grossly deficient intramembranous and endochondral ossification. Trabecular bone was sparse in the long bones and vertebrae. The trabeculae contained a cartilage core and an overlying layer of woven bone or osteoid. The diaphyses lacked cortical bone. The periosteal fibroblasts of OI35 contained grossly distended rough endoplasmic reticulum consistent with the 53% reduction in collagen secretion by cultured dermal fibroblasts. The aorta, skin, and lungs were hypoplastic in OI35 and OI59. The findings in this study show This girl was the second child of healthy, unrelated parents. There was a threatened miscarriage at 12 weeks of gestation and no fetal movements were noted during the pregnancy. Ultrasound examination at 26 weeks of gestation showed that the skull was poorly echogenic and the heart, which was contracting normally, occupied a greater than normal proportion of the chest. The biparietal skull diameter was 7-14 cm and the occipitofrontal diameter was 7-89 cm. At 28 weeks of gestation, spontaneous rupture of the membranes occurred and was immediately followed by severe vaginal bleeding and a tense tender uterus. There were no fetal heart sounds and an abdominal radiograph showed an abnormal fetus. The baby was stillborn after a vaginal delivery.
The baby girl was a short limbed dwarf ( fig  1) . The calvarium was large and soft, the midface was hypoplastic, and the lower jaw was small. In keeping with the ultrasound findings, the upper chest was narrow and the abdomen protuberant. The limbs were short and bowed. There was widespread crepitus of the ribs and limb bones.
The radiographs showed severe generalised osteopenia, a malformed skeleton, and multiple fractures ( fig 2) . The calvarium was not ossified and only a minimal amount of bone was present in the base of the skull and jaws. The mid thoracic vertebral bodies were flat whereas the other vertebrae were of normal shape. The proximal ribs were short, thin, and wavy and contained numerous fractures. The lower ribs were also short but they were broader and continuously beaded. The long bones were short, broad, and crumpled. The diaphyses were as wide as the metaphyses and there was no cortical bone. The radiographic features were consistent with those ascribed to type IIC OI.23 CASE 2 (OI59) This girl was the first child of healthy, unrelated parents. The previous pregnancy had terminated spontaneously at 6 weeks of gestation. A set of twins and another baby from a previous marriage of the father had died from prematurity and bronchopulmonary dysplasia. None of the dead babies showed signs of OI or other connective tissue disorders.
The pregnancy of OI59 was apparently normal until 30 weeks of gestation when the membranes ruptured with a severe antepartum haemorrhage for which an emergency caesarian section was undertaken. The female baby died 20 minutes after delivery.
The baby weighed 1000 g and had the typical features of OI I. She had a large, globular, and soft skull and short bowed limbs containing multiple fractures. The chest and abdominal circumferences were 18 and 17 cm, respectively. The radiographs showed severe generalised osteopenia and multiple fractures. The calvarium showed minimal calcification, the orbits were poorly defined, but there was some calcification of the petrous temporal bones (fig 3) . The maxilla and mandible were hypoplastic and poorly ossified. There was generalised severe platyspondyly which was worse in the thoracic than the lumbar spine (fig 4) . The ribs were irregular and discontinuously beaded. The long bones were short, crumpled, and lacked cortical bone. The femora and tibiae did not show any modelling as the diaphyses were as wide as the metaphyses. The long bones of the upper limbs had a similar appearance although there was a small amount of modelling of the diaphyses. The radiographical features were consistent with those ascribed to type IIA O.23 CASE 3 (OI7B) This girl was the third child of healthy, unrelated parents. The previous daughters were normal. The female proband was born at term after an uncomplicated pregnancy. She had a large, soft calvarium, blue sclerae, small chest, and short bowed limbs ( fig 5) . The radiographs showed minimal calcification of the calvarium, base of the skull, and facial bones (fig 6) . There was generalised platyspondyly.
The chest was narrow and the ribs were broad and continuously beaded. The long bones were short, broad, and crumpled. The radiographical features were of type IIA OI. 23 The proband experienced respiratory difficulty at birth and was placed on a ventilator which was continued until her death at 4 months of age.
PATHOLOGICAL STUDIES
Necropsies of OI35 and OI59 were undertaken and the findings were very similar. In each baby, the skull was globular and extremely soft. Most of the calvarium consisted of an unossified membrane and even the petrous temporal bones were soft. The chest was narrow and the ribs showed healing fractures along their diaphyses and costochondral junctions. The long bones were short and bowed and contained multiple fractures and irregular calluses.
The viscera were macroscopically normal, except for the lungs which were hypoplastic, and the aorta was thin. In OI35, there was also leucomalacia of the periventricular regions of the brain. The skin was soft and thin in both babies.
Histological examination of the calvarium showed minimal intramembranous bone formation. There were a few islands of calcifying osteoid (fig 7) but most of the calvarium consisted of a membrane of fused galea aponeurotica and dura mater. Histological examination of costochondral junctions and growth plates of the femora showed that the cartilaginous parts of the growth plates were normal. The cancellous bone of the metaphyses of long bones and of the vertebral bodies showed sparse trabeculae which contained cores of calcified cartilage covered by woven bone or by a thin layer of osteoid (fig 8) . The diaphyses of the ribs and femora also contained sparse amounts of trabecular bone (fig 9) . There was no evidence, using polarising light microscopy, of any lamellar bone or haversian systems. The osteoblasts, which were abundant along the surface of the trabeculae and within areas of woven bone, were surrounded by little matrix. They were plump and basophilic but did not appear to mature into osteocytes. The periosteum of the rib and femoral diaphysis was almost as thick as the underlying pseudocortex of trabecular woven bone (fig 9) .
In OI35, electron microscopy of the periosteum of the femur showed fibroblasts with grossly distended rough endoplasmic reticulum (fig 10) . The periosteum also contained osteoblastic cells which contained abundant amounts of rough endoplasmic reticulum. However, the rough endoplasmic reticulum of these cells was not distended (fig 11) . Histological examination of the viscera also showed that the collagenous supporting structures were thin and delicate. The tunica media and the adventitial layer of the aorta were thinner than normal (fig 12) . The sclera of OI59 had an average thickness of 200 p and was composed of thin delicate collagen fibres.
Discussion
The three babies in this study had OI II because of glycine substitutions by valine within the carboxy-terminal 75% of the triple helical domain of the al (I) chain of type I collagen. The glycine substitutions occurred in Gly-X-Y triplets in which glycine in the first position is essential for the normal formation of the triple helix. 7 0135 (glycine 1006) had the most severe clinical form, 01 IIC, with premature rupture Figure 10 Electron micrograph of periostealfibroblasts of 0I35. All thefibroblasts in the femoral periosteum contained grossly dilated rough endoplasmic reticulum (RER). of membranes, severe antepartum haemorrhage, stillbirth, low birth weight, severe short limbed dwarfism, extreme osteoporosis, and gross skeletal maldevelopment. OI59 (glycine 973) was a better formed baby but was also born prematurely as a result of premature rupture of membranes and severe antepartum haemorrhage. She had the typical radiographic features of OI IIA. OI7B (glycine 256) was born at term after a normal vaginal delivery and also had the radiographic features of OI IIA.
The pathological findings were similar in OI35 and OI59 although the macroscopic and microscopic changes were more severe in OI35. There was almost no ossification in the skull and very little ossification of the rest of the skeleton. There was no cortical bone and no evidence of organised collagen matrices as seen in normal lamellar bone and haversian systems. The macroscopic and microscopic findings suggested that the osteoblasts were producing a minimal amount of extracellular matrix that was abnormal in composition. The osteoblasts did not mature into osteocytes and normal bone remodelling was absent.
The abnormal collagen metabolism previously reported in these babies provides some explanations for the clinicopathological findings. Cultured dermal fibroblasts from each baby produced a mixture of normal and mutant type I collagen molecules.7814 Chains from the abnormal molecules migrated slowly on electrophoresis owing to the overmodification of lysine residues on the amino-terminal side of the glycine substitution. In each case, the distribution of the overmodified lysine residues correlated with the site of the glycine substitution. The secretion of the mutant molecules was retarded. In OI35, secretion was reduced to 47% of normal while in 0159 it was 73% of normal. The gross reduction in secretion by OI35 fibroblasts provided an explanation for the gross dilatation of the rough endoplasmic reticulum observed in periosteal fibroblasts. In contrast, periosteal osteoblasts from OI35 did not contain distended rough endoplasmic reticulum. The reason for the different appearances of the rough endoplasmic reticulum in these cell types was not determined. The osteoblastic cells may have been in a proliferative rather than matrix synthesising phase of growth or alternatively osteoblasts may be able to secrete the mutant collagen more efficiently than fibroblasts.
Analysis 
